[Fig. 3] A drawing showing the comparison with time between 
Example 1 and the conventional method in the step of multiplying 
the metabolizing bacteria and the step of decomposing the 
organic chlorine compounds. 

[Fig. 4 ] A conceptual showing the constitution of 
stratum-cleansing facilities for carrying out the method of 
the invention in Example 2 . 

[Fig. 6] A scheme showing the progress of the reaction of 
oxidation of methane. 

[Fig. 7] A scheme showing the progress of the reaction of 
decomposition of TCE. 
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[Title of Invention] 

A method of cleansing a polluted stratum and ground water 
polluted with organic chlorine compounds 
[Abstract ] 
[ Problem] 

To provide a method of efficiently cleansing a stratum 
and ground water polluted with organic chlorine compounds by 
bioremediation techniques. 
[Solving means] 

The method of the invention is a method of cleansing a 
polluted stratum and ground water polluted with organic 
chlorine compounds by lowering the concentration of the organic 
chlorine compounds in the stratum and ground water by use of 
methane-metabolizing bacteria for decomposing the organic 
chlorine compounds by a decomposing enzyme induced in the 
bacteria upon oxidation of a substrate such as methane. The 
present method comprises a measurement step of mixing a reagent 
with ground water collected from the polluted stratum and then 
oxidizing the reagent by the decomposing enzyme present in the 
ground water to measure the activity of the decomposing enzyme, 
wherein the supply of the substrate, oxygen and nutrition salts 
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for the metabolizing bacteria is regulated on the basis of the 
above activity of the decomposing enzyme determined in the 
measurement step . 
[CLAIMS] 

1. A method of cleansing a polluted stratum and ground water 
polluted with organic chlorine compounds by lowering the 
concentration of the organic chlorine compounds in the stratum 
and ground water by use of metabolizing bacteria selected from 
the group consisting of methane-metabolizing bacteria, 
toluene-metabolizing bacteria, phenol-metabolizing bacteria 
and ammonia-metabolizing bacteria for decomposing the organic 
chlorine compounds by a decomposing enzyme induced in the 
bacteria upon oxidation of methane, toluene, phenol or ammonia 
as the substrate, 

said method comprising a measurement step of mixing a 
reagent with ground water collected from the polluted stratum 
and then oxidizing the reagent by the decomposing enzyme 
present in the ground water to measure the activity of the 
decomposing enzyme, 

wherein the amounts of the substrate, oxygen and 
nutrition salts supplied to the metabolizing bacteria are 
regulated on the basis of the activity of the decomposing enzyme 
determined in the measurement step. 

2. The method of cleansing a polluted stratum and ground water 
polluted with organic chlorine compounds according to claim 
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1, which comprises the step of multiplying the metabolizing 
bacteria in a polluted stratum by supplying oxygen, nutrition 
salts and the substrate necessary for multiplication of the 
metabolizing bacteria to the polluted stratum thereby inducing 
the decomposing enzyme, and after the step of multiplying the 
metabolizing bacteria, the step of decomposing the organic 
chlorine compounds by stopping the supply of the substrate, 
oxygen and nutrition salts to the polluted stratum, or by 
supplying the substrate, without stopping the supply of oxygen 
and nutrition salts, to the polluted stratum while regulating 
the concentration of the dissolved substrate in the ground 
water to be lower than the concentration of the dissolved 
substrate in the step of multiplying the metabolizing bacteria , 
in order to decompose the organic chlorine compounds by the 
decomposing enzyme induced in the metabolizing bacteria, 

wherein the switching of from the step of multiplying 
the metabolizing bacteria to the step of decomposing the 
organic chlorine compounds is conducted on the basis of the 
activity of the decomposing enzyme determined in the 
measurement step . 

3. The method of cleansing a polluted stratum and ground water 
polluted with organic chlorine compounds according to claim 
1, which comprises the step of multiplying the metabolizing 
bacteria by supplying oxygen, nutrition salts and the substrate 
necessary for the metabolizing bacteria to a reactor to 
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multiply the metabolizing bacteria in a packed layer therein 
thereby inducing the decomposing enzyme, and after the step 
of multiplying the metabolizing bacteria, the step of 
decomposing the organic chlorine compounds by sending ground 
water drawn from the polluted stratum to the reactor and 
simultaneously stopping the supply of the substrate, oxygen 
and nutrition salts to the reactor, or supplying the substrate, 
without stopping the supply of oxygen and nutrition salts, to 
the reactor while regulating the concentration of the dissolved 
substrate in the reactor to be lower than the concentration 
of the dissolved substrate in the step of multiplying the 
metabolizing bacteria, in order to decompose the organic 
chlorine compounds in ground water sent to the reactor by the 
decomposing enzyme induced in the metabolizing bacteria, 

wherein the switching of from the step of multiplying 
the metabolizing bacteria to the step of decomposing the 
organic chlorine compounds is conducted on the basis of the 
activity of the decomposing enzyme determined in the 
measurement step. 

4. The method of cleansing a stratum and ground water polluted 
with organic chloride compounds according to any one of claims 
1 to 3, wherein the methane-metabolizing bacteria are selected 
as the metabolizing bacteria, and in the measurement step, 
ground water collected from the polluted stratum is mixed with 
a reagent followed by oxidizing the reagent by the oxidizing 
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activity of a soluble methane monoxidase in the ground water 
to measure the oxidizing activity of the soluble methane 
monoxidase . 

[Detailed Description of the Invention] 
[Technical Field to Which the Invention Belongs] 

The invention relates to a method of microbiologically 
cleansing a stratum polluted with organic chlorine compounds 
such as trichloroethylene etc. and ground water in said stratum 
and in particular to a method of rapidly and economically 
cleansing a stratum polluted with organic chlorine compounds 
and ground water in said stratum by in s±tM bioremediation 
techniques or bioreactor techniques. 
[Prior Art] 

Organic chlorine compounds such as trichloroethylene 
(C 2 HC1 3 , hereinafter abbreviated into TCE) and 
tetrachloroethylene (C1 2 C=CC1 2 ) are highly soluble in fats and 
oils and thus used widely as general solvents, degreasing 
detergents etc. in various factories, laundries etc. 
Accordingly, considerable amounts of these organic chlorine 
compounds are discharged or erroneously flow out to the outside 
during use, to pollute stratums and ground water. Because 
there is the danger that these organic chlorine compounds are 
carcinogenic substances, there is a social great demand in 
recent years for cleansing polluted stratums and ground water 
therein. Accordingly, measures by various methods have been 
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taken to cleanse polluted stratums and ground water therein. 

The cleansing methods carried out heretofore are mainly 
physicochemical methods such as an enclosure method of 
enclosing organic chlorine compounds in a certain region, a 
replacement method of excavating a polluted stratum and 
replacing it by non-polluted soil, an air-exposing method of 
drawing and raising ground water and exposing it to the air 
to release and diffuse organic chlorine compounds therefrom 
into the air, and a pump and treatment method involving a 
combination of gas extraction in vacuo and active-carbon 
adsorption. These physicochemical methods are effective 
against pollution with organic chlorine compounds at high 
concentrations, but because of enormous costs for facilities 
and operation, these methods are not economical for cleansing 
low-concentration pollution in a broad region, and because 
these methods are not techniques of rendering organic chlorine 
compounds harmless by decomposition, there is the problem of 
secondary pollution with the organic chlorine compounds 
recovered from the polluted stratum. 

Accordingly, the treatment techniques of decomposing 
organic chlorine compounds by means of bacteria, particularly 
the in £±£n bioremediation techniques carried out in a polluted 
site or reactor-type bioremediation techniques of conducting 
microbial treatment in a treatment reactor, are under 
development. The method of cleansing a stratum and ground 
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water by in sjJlu bioremediation refers to a method of cleansing 
a stratum and ground water wherein bacteria having an ability 
to decompose pollutants such as organic chlorine compounds are 
multiplied and activated in a stratum in a polluted site, and 
by the action of the bacteria, the pollutants are decomposed 
in aitu, that is, in the stratum, thus converting them into 
harmless materials. The method of cleansing a stratum and 
ground water by reactor-type bioremediation is a cleansing 
method wherein in place of cleansing by microbiological 
decomposition of pollutants in the polluted stratum, cleansing 
is performed in a separately provided treatment reactor, that 
is, the bacteria having an ability to decompose pollutants are 
multiplied and activated in the reactor, and ground water 
raised from the polluted stratum is sent to the reactor where 
pollutants in the ground water are decomposed and rendered 
harmless by the action of the bacteria. 

In the stratum, there are none of bacteria capable of 
directly metabolizing organic chlorine compounds, so that for 
microbiologically cleansing pollution with organic chlorine 
compounds, a treatment method of utilizing co-oxidation by 
bacteria metabolizing methane, toluene, phenol and ammonia 
respectively (referred to hereinafter as methane-metabolizing 
bacteria, toluene-metabolizing bacteria, phenol-metabolizing 
bacteria and ammonia-metabolizing bacteria) is investigated. 
In this method, environmentally relatively harmless methane, 
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toluene, phenol and ammonia are injected as substrates for the 
respective metabolizing bacteria such as methane-metabolizing 
bacteria etc., in addition to nutrition salts and oxygen 
necessary for multiplication of the metabolizing bacteria such 
as methane-metabolizing bacteria, are injected into the 
treatment reactor or polluted site, whereby the metabolizing 
bacteria are multiplied and decomposing enzymes decomposing 
organic chlorine compounds as their substrates are induced in 
the metabolizing bacteria. Then, the organic chlorine 
compounds are decomposed and converted into harmless materials 
by the induced decomposing enzymes. 

In the in £i£n bioremediation method of utilizing 
co-oxidation by the metabolizing bacteria as described above, 
if substrates such as methane are coexistent at high 
concentrations with organic chlorine compounds in the polluted 
site, competitive inhibition by the substrates occurs thus 
significantly reducing the rate of decomposition of the 
pollutants. This also applies to the reactor-type 
bioremediation method. 

Hereinafter, the in sitil bioremediation method of 
utilizing methane metabolizing bacteria as one example is 
further described. In the process of oxidizing methane, the 
methane-metabolizing bacteria are known to induce two kinds 
of methane monoxidase, that is, soluble methane monooxygenase 
(abbreviated hereinafter to sMMO) for decomposing organic 
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chlorine compounds such as TCE and membrane-binding methane 
monoxidase (abbreviated hereinafter to pMMO) not contributing 
to decomposition of organic chlorine compounds . The oxidation 
reaction of methane by the methane-metabolizing bacteria 
proceeds at four stages of the oxidation reaction as shown in 
Fig. 6, and sMMO induced by the methane-metabolizing bacteria 
catalyzes the first-stage reaction of oxidizing methane to form 
methanol. When TCE is used as the substrate in place of methane 
in the first-stage reaction of oxidizing methane as shown in 
Fig. 6, the decomposition reaction of TCE by co-oxidation as 
shown in Fig. 7 occurs. This decomposition reaction of TCE 
does not occur at the second and subsequent stages in the 
oxidation reaction of methane in Fig. 6. 

In the decomposition reaction of TCE catalyzed by sMMO, 
methane i.e. the original substrate and TCE i.e. a substrate 
for co-oxidation reaction act as mutually competitive 
inhibitors , and thus there is the problem that the 
decomposition reaction of TCE is inhibited competitively by 
a high concentration of methane. That is, if methane is 
present at high concentration, TCE is hardly decomposed, 
whereas if methane is deficient, the methane-metabolizing 
bacteria are not multiplied, neither is sMMO induced. Further, 
there is another problem that if the decomposition reaction 
of TCE by sMMO proceeds, trichloroethylene epoxide which is 
an intermediate in the decomposition reaction of TCE is 
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accumulated thereby inactivating the activity of sMMO. 

Accordingly, the method of cleansing a stratum polluted 
with organic chlorine compounds by utilizing co-oxidation is 
carried out by dividing it into two stages , that is, a 
multiplication phase where nutrition salts, oxygen and 
substrates such as methane are injected to multiply the 
metabolizing bacteria, and a decomposition phase where 
injection of the nutrition salts, oxygen and substrates is 
terminated and the organic chlorine compounds are decomposed 
by the decomposing enzyme induced in the metabolizing bacteria, 
and the multiplication phase and the decomposition phase are 
carried out repeatedly and alternately by switching every few 
months, to cleanse the stratum polluted with organic chlorine 
compounds. Alternatively, use can be made of an applicant's 
previously proposed method wherein the multiplication phase 
is the same as above, but the decomposition phase involves 
supplying the substrate to the stratum during which the 
concentration of the dissolved substrate in ground water is 
regulated, without stopping the supply of oxygen and nutrition 
salts, to be lower than the concentration of the dissolved 
substrate in the multiplication step, and the multiplication 
phase and the decomposition phase are carried out repeatedly 
and alternately. Then, the number of methane metabolizing 
bacteria in the ground water is counted with time, and when 
the number of the bacteria reaches a predetermined number, for 
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example, a number of bacteria in the range of 10 4 to 10 6 MPN/ml, 
the decomposition phase is switched to the multiplication 
phase . 

In the prior-art method, the number of methane- 
metabolizing bacteria in ground water is counted by an MPN 
method or a plate method. Now, the procedure for calculating 
the number of methane-metabolizing bacteria in ground water 
by the MPN method is specifically described. First, 1 ml 
ground water diluted by a predetermined procedure and 4 ml NMS 
(nitrate mineral salts) are introduced into a test tube and 
sealed with an aluminum cap, and the test tube is placed in 
a reduced-pressure desiccator. Then, 30 % by volume of the 
air in the reduced-pressure desiccator is replaced by methane 
(CH 4 ), followed by stationary culture for 2 8 days at a 

temperature of 25 °C. Then, the number of methane-metabolizing 
bacteria is determined on the basis of the turbidity in the 
test tube by reference to a standard table. 
[Problem to Be Solved by the Invention] 

The conventional method of switching from the 
multiplication phase to the decomposition phase by the 
above-described method of calculating the number of 
methane-metabolizing bacteria suffers from the following 
problems. A first problem is that at least one month is 
required until the number of methane-metabolizing bacteria can 
be calculated by the MPN method after collection of ground water 
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from the polluted stratum. This means that at the time when 
the number of the methane-metabolizing bacteria could be 
confirmed to reach a predetermined number, the multiplication 
phase had been carried out for an unnecessarily long period 
of at least one month so that the polluted stratum could not 
be efficiently cleansed. 

A second problem is that the organic chlorine 
compound-decomposing activity of the decomposing enzyme 
induced in the methane-metabolizing bacteria cannot be 
detected by the method of detecting the number of the 
methane-metabolizing bacteria, and thus it is difficult to 
accurately recognize the time of switching from the 
multiplication phase to the decomposition phase and vice versa . 
That is, the decomposing enzyme of the methane-metabolizing 
bacteria includes 2 kinds of enzyme i.e. sMMO decompos ing 
organic chlorine compounds such as TCE etc . and pMMO not 
contributing to decomposition of the organic chlorine 
compounds, as described above. In the prior-art method by the 
MPN method, however, the number of methane-metabolizing 
bacteria only is calculated, and the concentration of sMMO as 
the subject, or the activity of sMMO in decomposing organic 
chlorine compounds, cannot be detected, so it is difficult to 
accurately recognize the time of switching from the 
multiplication phase to the decomposition phase and vice versa . 
These problems also arise in the method of calculating the 
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number of methane-metabolizing bacteria by the plate method. 

In the foregoing, the method of cleansing a stratum and 
ground water polluted with organic chlorine compounds by in 
situ bioremediation has been described, but the problems 
described above also apply to the reactor method. In the 
reactor method, oxygen, nutrition salts and a substrate 
necessary for multiplication of methane-metabolizing bacteria 
are supplied to a reactor having a packed layer charged with 
a packing material or to a bacteria floating-type reactor 
fundamentally not requiring the packed layer, whereby the 
methane-metabolizing bacteria are multiplied in the reactor 
thereby inducing sMMO, while ground water raised from the 
polluted stratum is sent to the reactor, and organic chlorine 
compounds in the ground water are decomposed by the induced 
sMMO in the reactor . 

As described above, it is difficult in the conventional 
cleansing methods to accurately detect the activity of the 
decomposing enzyme to decompose organic chlorine compounds, 
thus making it difficult to correctly recognize the time for 
switching from the multiplication phase to the decomposition 
phase and vice versa. Hence, the conventional methods of 
cleansing a stratum and ground water polluted with organic 
chlorine compounds by the bioremediation techniques are poor 
in cleansing efficiency and not economical for practical use. 
Accordingly, the object of the invention is to provide a method 
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of efficiently cleansing a stratum and ground water polluted 
with organic chlorine compounds by the bioremediation 
techniques . 

[Means to Solve the Problem] 

To solve the problems in the prior art, the inventor 
studied a method of directly detecting the organic chlorine 
compound-decomposing activity of the decomposing enzyme 
effective for decomposition of organic chlorine compounds in 
place of the method of calculating the number of metabolizing 
bacteria. As a result, the inventor found that it is 
time-consuming to directly measure the organic chlorine 
compound-decomposing activity of the decomposing enzyme by gas 
chromatography or the like, gas chromatographic units are 
expensive, and the measured value varies easily to make it 
difficult to detect a trace of the activity, so that gas 
chromatography is technically not advantageous as a 
measurement method used in sitil where the bioremediation method 
is adopted. Accordingly, the inventor studied a method of 
indirectly measuring the activity of decomposing organic 
chlorine compounds, and conducted the following experiments. 

On the basis of the foregoing findings and for achieving 
the object described above, the method of cleansing a stratum 
and ground water polluted with organic chlorine compounds 
according to the invention is a method of cleansing a polluted 
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stratum and ground water polluted with organic chlorine 
compounds by lowering the concentration of the organic chlorine 
compounds in the stratum and ground water by use of metabolizing 
bacteria selected from the group consisting of methane- 
metabolizing bacteria , toluene-metabolizing bacteria , 
phenol-metabolizing bacteria and ammonia-metabolizing 
bacteria for decomposing the organic chlorine compounds by a 
decomposing enzyme induced in the bacteria upon oxidation of 
methane, toluene, phenol or ammonia as the substrate, said 
method comprising a measurement step of mixing a reagent with 
ground water collected from the polluted stratum and then 
oxidizing the reagent by the decomposing enzyme present in the 
ground water to measure the activity of the decomposing enzyme, 
wherein the amounts of the substrate, oxygen and nutrition 
salts supplied to the metabolizing bacteria are regulated on 
the basis of the activity of the decomposing enzyme determined 
in the measurement step. 

The reagent used in the method of the invention is a 
substrate subjected to oxidation reaction by the decomposing 
enzyme, and in the case of sMMO from the methane-metabolizing 
bacteria, the reagent includes e.g. unsaturated hydrocarbons 
such as naphthalene, propene etc. The correlation between the 
oxidizing activity and organic chlorine compound-decomposing 
activity of the decomposing enzyme is previously determined 
as described above by reference to sMMO. The method of 
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measuring the oxidizing activity of the decomposing enzyme is 
not particularly limited, and for example, color imetry, 
spectrometry, gas chromatography etc. can be used. 

A preferable embodiment of the invention (first 
embodiment) comprises the step of multiplying the metabolizing 
bacteria in a polluted stratum by supplying oxygen, nutrition 
salts and the substrate necessary for multiplication of the 
metabolizing bacteria to the polluted stratum thereby inducing 
the decomposing enzyme, and after the step of multiplying the 
metabolizing bacteria, the step of decomposing the organic 
chlorine compounds by stopping the supply of the substrate, 
oxygen and nutrition salts to the polluted stratum, or by 
supplying the substrate, without stopping the supply of oxygen 
and nutrition salts, to the polluted stratum while regulating 
the concentration of the dissolved substrate in the ground 
water to be lower than the concentration of the dissolved 
substrate in the step of multiplying the metabolizing bacteria, 
in order to decompose the organic chlorine compounds by the 
decomposing enzyme induced in the metabolizing bacteria, 
wherein the switching of from the step of multiplying the 
metabolizing bacteria to the step of decomposing the organic 
chlorine compounds is conducted on the basis of the activity 
of the decomposing enzyme determined in the measurement step. 
The method of cleansing a stratum and ground water polluted 
with organic chlorine compounds by the in situ bioremediation 
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techniques can thereby be efficiently effected. 

Another preferable embodiment of the invention (second 
embodiment) comprises the step of multiplying the metabolizing 
bacteria by supplying oxygen, nutrition salts and the substrate 
necessary for the metabolizing bacteria to a reactor to 
multiply the metabolizing bacteria in a packed layer therein 
thereby inducing the decomposing enzyme, and after the step 
of multiplying the metabolizing bacteria, the step of 
decomposing the organic chlorine compounds by sending ground 
water drawn from the polluted stratum to the reactor and 
simultaneously stopping the supply of the substrate, oxygen 
and nutrition salts to the reactor, or supplying the substrate, 
without stopping the supply of oxygen and nutrition salts, to 
the reactor while regulating the concentration of the dissolved 
substrate in the reactor to be lower than the concentration 
of the dissolved substrate in the step of multiplying the 
metabolizing bacteria, in order to decompose the organic 
chlorine compounds in ground water sent to the reactor by the 
decomposing enzyme induced in the metabolizing bacteria, 
wherein the switching of from the step of multiplying the 
metabolizing bacteria to the step of decomposing the organic 
chlorine compounds is conducted on the basis of the activity 
of the decomposing enzyme determined in the measurement step. 
The method of cleansing a stratum and ground water polluted 
with organic chlorine compounds by the reactor techniques can 
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thereby be efficiently effected. 

A further preferable embodiment of the invention is 
characterized in that the methane-metabolizing bacteria are 
selected as the metabolizing bacteria, and in the measurement 
step, ground water collected from the polluted stratum is mixed 
with a reagent followed by oxidizing the reagent by the 
oxidizing activity of a soluble methane monoxidase in the 
ground water to measure the oxidizing activity of the soluble 
methane monoxidase . 

According to the method of the invention, the activity 
of the decomposing enzyme to decompose organic chlorine 
compounds can be detected accurately and rapidly. Further, 
the switching from the multiplying the metabolizing bacteria 
to the step of decomposing the organic chlorine compounds and 
vice versa can be recognized accurately and rapidly. Further, 
the supply of the substrate, the enzyme and nutrition salts 
can be theoretically optimized and controlled in the process 
in order to reduce the cleansing costs and to shorten the 
cleansing time. 

Fig. 3 shows the results of treatment of TCE in the 
polluted stratum by bioremediation in the conventional method 
and the method of the invention. From these results, the 
followings can be understood. 

(1) In the conventional method, the multiplication phase is 
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switched to the decomposition phase in view of the degree of 
multiplication of the methane-metabolizing bacteria, and thus 
the timing of switching from the multiplication phase to the 
decomposition phase was delayed for one month. Further, there 
is no means of accurately and immediately knowing the ability 
to decompose TCE in the decomposition phase, and thus the time 
of switching from the decomposition phase to the multiplication 
phase is also delayed for one month. On the other hand, in 
the method of the invention, the ability to decompose TCE in 
the polluted stratum can be immediately grasped by measuring 
the activity of sMMO to decompose TCE, and thus the timing of 
switching between the multiplication phase and the 
decomposition phase can be earlier than in the conventional 
method. 

(2) By grasping the TCE-decomposing activity of sMMO in the 
polluted layer during the decomposition phase, the injection 
of methane can be initiated again, or the amount of the 
injection can be regulated in view of the level of sMMO activity, 
thus improving the efficiency of decomposition of TCE during 
the decomposition phase. 

[Brief Description of the Drawings] 

[Fig. 1] A conceptual drawing showing the constitution of 
stratum-cleansing facilities for carrying out the method of 
the invention in Example 1. 
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3 

xmt £ fr o ismx-h n X . rOJfefeiH i -Ptt © #886 4 

[0005] mffl^t^\-&zwjk*miwm\- 

a T^-TSWbgffcS?) ^t-iHb&WflU/dfM 

mmwrnm^m^m^Rummizm^x, y ? > 

[0 0 0 6] t c 5T\ ±adc9cfc 9 &S'fbffla>#8Kfcfe 

sis. y#>&£cosH^Kift+H' M-ftasrcwwfi 

[0007] jeJLT(^, ^ ^ ymtm^m^xwMM.^ 

<a#|»fi^b£$jfe#»-t5 "fiMfcy * y^y^^y 
tr (i^T, sMMOi:ltSaai--5) *r«fciSJfcffc£ 

ir* (MT, pMMOi:IS32-tS) £<n2ffl&.<D*ji> : £ 

>3Sfb@5K <t s y * >cDSMbac&f±. ta 6 f-^-t 4 spg 
0)BMSEJST-i(IfT L . y * y*M bill «t U * ftfc s m 
Mot*, *#:/*mtt\sT:*9;-)i'Z£]&tzf8iwt 

ffi(D£Lm ttjWi-S. [21 6 t^jrty * yffitf bS-Scofg i 
7 li&-f J: 9 &«&tfbfi=t 5 T C E iMWSJCS*^i t 

cicoTc e ^wacsti. m 6 coy # >aymtsj&om 2 

[0008] s MM O tymtZ T C E #)WSST*I±. 
##tf>SffC* 5 y # > i: J tgtfbEfScDSMT 6TC 
E t itm VZ.t$tfr#lkW&M t LX{'f-mt&(DX\ T c 



(3) ?$|JHf-9- 2 3 4 4 9 0 

4 

ns^ 1-9 raises. uu*>. *?>^m!zxp<{f-i 

>* s *JE-f5J»£[ili, y ^>¥tfbB^M-i±-r'. 
sMMOfei^n5:>fc^l\ sMMOCj; 
5TCE W^WStS* Wff-T 6t. TCE© ^W/x/^CD 
RJCStflffl^-C'** h U ^ □ p > * > H AWt 
L, -enti J; U s MM o w?StJ:*sjfe}S-r s t > : io\imrt 

[0 0 0 9] ?ZX\ t&fc. 4^bfeWIJb/cW^ 

<b^^^i!iecD^b75-iit^'i!i-rsi%, mm 
mm? ^-xt^m? ^-xt *&.jjRz'tiz$i 

^l!i®cDf7Kb'fefJ'oT^ n *U5HA*%f-^ 

-r s c i: & < . itkT^isrf-sftia^^Ta^bfaJSfttxfi! 

0* MPN/ml CDffillcDilE^SUMU/cD§*T-. 

m^mfemmm^xm&xftM7 i-x*^hm7 

[0 0 10] f^i|i(±, llkT^M^y 

T3(5/c 0 ;:t*. MPN^(-J;fJll!lhyj<r-tJ«y^>Mb 
BcDiim^W-m-rSWI'&Jift^l-I^ill-So 5feT. ;Tr 
^£0^1iHT'fi5rf? $ tut 1 m 1 (DftffiPhlF* ^ 4mlC0NM S 

(Nitrate Mineral Salts ) m&tm~!M&^\n 
T. 7)V^*\yXXii]tL. *<r)$S%g i kWSE : Ti' , r 

CD^r^y^> (CH, ) c^U/c^. 2 5'C[:»5 

u 2 8B(Hiawa^«?:fj-5. ?^^-c. mm^(D\'.m 

[0011] 

>«{b(*l©L*J^W-ai?£^ =t U J0m7 x-X^ h 
-X(itOU^^5f^c7)^ffi(:(±, ^COJ; 5 

o/c 0 gsinii ^ifeiiii/iA^irF/Kfe^xL. mpn 

t±. M^.y ^ ymm<n\m%m&mm~mLx\^ z. 
t tfmmx't t-dfc&x\ m^mmy x-x4£>gm-.i: 
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;ooi2] ®2{ci^ **y?iim<»mftL*m<tz 

fe iftfiSt^JTt 3 w i: A>Ti L v ^ i; ^ o z. t T** S , 
{£. TCE ^kD^TWSUKYb^J fe #»Ft SsMMOi, 

ftm&mit£Va(Dfrmi~'£5. u & ^ P mm o © 2 ®gj*s 

£3, ^turfc MPN&ii.tsfjfc&flWjS 
O offl/t. aKi N{i s MM o ©#»i^fc^#Ji#S14 £ 

i-XC. ■eoi£f^tJft^.*P#i(l3fefl*Hffi{cig3IS 

^n^cD^Sil tV-W^k^s 

5. 

[0013] JGA±<Dgfcg0-t*{£. iSffiB^WTJ-u^T-rx 

*W^k73rJj5:^J^UT|^L7 , c^', y 7 ' ^ # j£0)J©£ 
tf fcifiTsfcfe 'J 7 ^ * U U 7 * # rtTj&K^ n 

/cJaT^^wajJHb^B^^sn/c s mmoi: j; 
[0014] mttofflkffitrc'ix KM 

[0 0 15] 

©USA *r«yfisfc< t£fe#fMfc £ #x y o 

t h^7^-(:TifiM$j&l-scD(i. ffl^(iB#ia^S 



(4) ftrlJHT-9-2 3 4 4 9 0 
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w flua^'f b^^«» s-tt ^ [i'd^i'j'jt - iwjrr s s ^ wje 

[0 0 16] 

^JfetlMB*^fl!lT* I S:tSIRL'T, 1 0gfi%<DNMSJ8 
Jfet^^vWT^tf >lcttAU/ca. 3 0%jSlg{z4:5 

ffifi6 0 0 nmTWOD (Uptical Density ^it. 
MTOD 6 0 OnmtH^) JkU s MMOjJfJi&t^T C 

[0 0 17] sMMOiffittCOiDij^/i^ii, MT^jiU-c 
*€> 0 ^il!l/l*^ll!iT7Kt^L. OD6 0 0 nm = 
0. 2t;^6i:^tr?rTf^UTa^ ; |-il!l>-7K?:lf.^1-S (O 
D 6 0 0 n m< 0 . 2 <Z)Ji^{;{±flSf?{i^-gT**S ) » 

iflU 3 0-Ctr»#Uoo3l!.!fdaKIU WtilFTK't' 
COsMMO:iJ;'J^7^lx>$:jt{t:LT 1 -Xt42-^ 
7 h-;l/!lfc{b^-y-S 0 fec^T. 0. 2%£DTetrazotiz 
ed 0-d i an i s i d i neffim 1 0 0 u 1 U /c^UIll 

f-^D-f*. CtlfciU. 1 -3Z.I* 2-^-7 h-;^'4l-; 
^LTfctlli 1 -3Z.(42 —j-y h— ;l/i:Tctrazotizcd 
O-dianisidinetA^HtbUT, Naphthol Diazo Dye^dll 

5nm<8#{w±5i»3£ift£il85£U ^-'mSbte^R (1cm 

sMMO<OBKt5Stt<a***)S. ^^HftJt^RJi. Naph 
thol Diazo DyeCDtg£\ 3 8, 0 0 0 M" 1 cm" 1 T'^-S, 
[0 0 18] TCE^s-tt^ii^riti. J-1F 

7-r;i/t">:rAn. 3£K. llfe"F3lc^=¥K^- h U 7A5: 2 
0 mMC^cSJ; -5 {»[]LT, I^HHlT^K^PM-t-S, 

iStc, nfir i . ioo mg/ 1 mim t c e ?mm * 5 

Atl ^/Jll-tSo fec^T. 3 O i C(C»5Uoo2 0 Orpm 
T* 1 ll#IBI*^ 3 ll^Mlte-tt Kii F7j<r|i« s MMO t T 
C E i: 4 a£ 5 -tt/c^L 1U1T7|<^(D T C E m& b #X y 
□ v h^7 7-fl:J:'jA7 KX-^— Xji^iUzBiJ^-r 
40 S „ T C E ^jp U /cH#.^(DlteT*© T C E ^ Mfc 

[0 0 19] ntzTCE»mWitsMMOim.t(Dm 

v ^ s mm o tDiS'fbyStfe i»JSi£ -ttxt-J; U s mmoco 
tce ftfflm 4 -ao^t^*to zz-ttf-nzzz.tt 7j< 

[0 0 2 0] W±07<UjE{Hot. ±3aglHJfeiM-f5 
^l!iT7KcDi^{b^r£(4. -fn-ftv. h^x>. 
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ixmmbtzwmmi~± u Gwm<t£fa * mnz 

7 >^-7lfl:I*» JSc 6 8f A> Mfc L tz l^TrL^CDK 
=fc U Mil & fait £ it #*tfflUB£>?£fJ- £ iflJ^-T 5 i»J£X 

[0021] ^m^mxim-rmmix wmmn 
mwm&mx&z, ^«p^^s?{t?si4^#a 

ifiaKk^jfrWrStfe i: <DfflP«m. s MM o roJ§£ & 
[0 0 2 2] #^J<D*f&fc3fcKs®$ (Jg I 

AS*, SfbK^x®i:#W^{b^ti^xgiicDi5j 

[0023] £tz, KmmwmmtemmM mz 

-t±. -ennj: U^Wfi}»«:^#-rsg{tfflJ9MX@i:. 
SMkffiJSiBxgKi&v ""T. ?5gyt!ie*^a*±{f /c±t!iT 

^WW*n«k o-c^Hf-rs tf«^{k^#W-X® i: £ 
fin*. SfkffiJQMxg i: WaJft^b£^ft?Xfi £ (Dm 

WAwr&zmx>mtzftwmmw%m~m^ ^t? 9 



(5) WI,W9- 2 3 4 4 9 0 
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LT^#>a{biS£}I&U illl^xfgT'ii, r&Jtomifr 

[0025] *mmm~£>). mwmmm&Mit 
s^mmtiEmt,- L^-tm^M-^m-t^ z. t&x 

mmikLxmm&7u^7.m'Mtn o z tfrxz&co 
x\ mt^^b^wm-t^zt^xB. fr-omtmwvt: 

[0 0 2 6] 

mm\ i 

iftflsi 0^, ttmm^mtt&tz^mmtemniv 
^iiiiii 4^bi-5§5iiiST'*oT. m\mm<n±.\z.wL&2 

zmymi st, sx-m^Ltzmr^rn'm- 
zvm&z o titmxx^z, 
[0027] m£u$2 Qxm'g^tttzmrM^ ftyy 

2 2t:J;iJ SA^f 1 4 ("M^n. ^(Dit'|iT«. • ft A 

Ml 2 J; »J tifcBfeK, ^ ^ >&a f ^3?^*«ia 

tmmis. SA#1 4«:^UTf9tJ c il!l®tft-jg$tiS„ 

2 o ix 7yty> ?'w<DMtf;(DmmxBiit$ 
f^. i»^t§f2oi±. -Mmnmkmmizim-fLt&n 

T:\ttt\<\ 3it-. *fl!i®rWkSSfi!t 1 0 1±. «ffl|JM6*» 
^^KL/il^t-llllTTKcO s MMOCDTC EfrWtifflii&lifc 
l±J-T5tft{tjSB2 6 ^11^112 6<DfMif^(lffio 
V ^T^A^ 1 4 K&A-f aJfcT*t-08&-f $fiy& ^ ^ 
>&t/'^«^^S^Pfiii1-5Pfin/r-2 8 ii^ft'iiAT 
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[0 0 2 8] MTI-. *W3mt&ffi 1 0 im\]LX, 
# l 4 a> £ ^&tlk/f { iMt" d 4: «t u . ;>< 7 >i3f kiUco 

10 0 2 9] l 6 £/rLTit!iT7K£ 

OD6 0 0 ntn=0. 2 C^S £ 9 CfcfRLT 
l**4it!lT*fe iiJH-r -5 (O D 6 0 0 n m< 0 . 2 (Di%s£ 

ft]-*- 7 * i mi zmn u 3 o ! ci:»^oo 3 

113 PhJMS U MMl\tF?}<ty(D s MM 0C:J;U^77l/>- 
feBKtLT 1 ~5L\±2—)-yY-Mzmt1SVZ> 0 ^ 
T. 0. 2 %cOTetrazotized 0-d i an i s i d i ne?gi$ 1 0 0 

-Xfcfc2 -^7 h-;w^LTfcn{i 1 -Xf£2 - 
i"7 h— ;l/i:Tetrazotized 0-d i an i s i d i ne £ tffefo 
T, Naphthol Diazo DyefcdfefiRU l*^W&T*(i*Slfe 

SlI^U ^MMMB. (lcm©J¥SWiftJRfl|H^S}g 

j^co^ f cfici'v >T s MMO ©StffrgfJififl £ * 

^^^jgtfi, Naphthol Diazo DyeCD*§£-. 3 
8, 0 0 0M 'cm 't-iiS. 

[0 0 3 0] ftv >T\ SafcK «t U ?<?>I2£ L/cig 5 (C^ 
"t"=t 9 & s MM O CD BHtfStfe £ T C E > OffiBB 

BB«*> <bsMMOcDTCE #«> 5 „ tfctfj U 
T C E i^PffittCS^. **>gB£3 *ra ^sMMO 

©fflifflii^ti^oT^tb^i 2 6 «t u m^^ tiiA u -e 

#i£<OftAift&PiS§-*"5,, f#Mlfi msMcDWFTkttKD s 
MMOCDTC EftWm*\ ffi£(DmUZ.M>M UfcOfoS 

(ot, ffim~»mxm£-§o) izmitz, # 

WXlMT'tl^Mxehln]^!! s MMOCDTC E^/^5fj£ 
Srrl&UT. «-Jfe«S®tfjcDTCE^/ifJf}g«:ft3fflU 

[0 0 3 1] EI2li, *«^ii»r-l 6^£RIfrL 
VTit. s MMOCDTC E ftffim(Dim%lEMVZ% 

rmt tce ftmmt.amtm&T:i>&. 



«|^9-2 344 9 0 
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[0 0 3 2] D33(±, f^/j}£i:*?6iW/jii(-J:6yW 
7M/>r-fi-y3>(;J:5 r'jysilli/aco T C E (D^B!\ 

(1) &&M£T'l&, ^ ^>iftfkiicDi , 3MiJi'^v^H 
T, i«MxfS^b^xffi(^ffUT^/-/i 1 ft(z, ^i'i; 

c ni:^ L. *%n;j^i;-u-[i s MM o £> T C E frMifflli 
* mitt & Z £ !I J: U . r5*M!i/f -e© TCE ^ftpflg f 

(2) ^llfXIMl^feitS^y^liljlCDsMMOCOT 
C E ##SttfcftH8!-f 3 Z. 1 1- =b *J , "ffly ^ >CD?jiA 
$: L /c «J . ^-c0?iAft s MM OySttwia & <^^*J 
^»T3C i:*>*T'#5cDT'. ^/WXIS-CCDTC E^J-W 

20 [0 0 3 3] 

EI 4 (4, *fflmm<DW, 2 &ffigj£f$ jgffl L fejfeW® ^ 
U 7 7 ^ j*{ ' J; 3 ^-T ^ 1/ p< x— i/ 3 

m^EiT** ^ „ mmmmm 3 0 y 7 7 * iajcd^ 

^tl^lfeil^^^l-SISeT^o-C, y T7^l4Mm' 

^mmt^mwi- ■ ?±amh 3 2 £. mt-^ti/zt&r^ 
so ttmmizm-ttiiAjn 4 £, m-^mmmm^ * 

it£W$*wfct&titb<r)wmyr3 6 £. nmm^<D 

/=miT*«:8Hb-r5 U 77 ^ 4 0 £ JfflATl^. 

[0034] ij 77740 Kf±?irffl©ftJ^fe ^ l,/- 
SJ^Uf^KW^tk ^ll/iW-U^MXS, ^^T'^W-T 
e**;feKS£*l5„ U 77 7 4 0 cO?tWStr(i^^|K 
^, ^ 7 • flA^g 3 2K 

rf'COT C E *^f®[A]-C^$n/c s MMOC J; >J #ftf> 

3 4 {rii^n. ffiA^-3 4 ^/r-UTnimijiSiiit^is^n 

L /cHi^^lkT"7j<CD s MMOCDTC E jjV^Sfl jnij^?-t § 

^0i^g4 4i:, U777 4 oizMfatmm. 

Rtf%ms&m i ;im * mn&m 4 4 ©^aj^ tiato 1 ^ 
ro [0035] i^Td, A^mmmm 3 0 lt. 
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im<nmm--,m%tm. * > * d 7 * * 

«t vmm i tmmizms-tz, <x^?. -mm 1 m 

tifrlz LTMMOCDT C E ftMim £ *0. >i<^ /:TCE 

tmm. >&u%mt&(DftAw t mmmmzm o 
Tf^i^a4 4j;ijfa^^iB*u -emictu, 
4 6^Kg@nLT. mm, *$y&ummt£L(D7ZAM£m 

Sit" -5. 0*|;lf£ MacOJt!lT*ctosMMOcDTCE^ 

tu wm^mzmi-t^, 

[00 3 6] H»j 1 2 m. s MM O CO T 

CE^5ttcD^-^i;>/7'^^^ i m 

feist-*:.* 9 ymmmmmmizm^^xmrn^zm 

m L"0 Vc^lt/fcD T C E #»f£ £ Jig* > * ^ A 

-ni;«tu, ^TCE^stjrco/^^^r, ? 

[0 0 3 7] -Jtf-, tfefcfi. ^>«ttil»«rt<£, 
X s MMOCDT C E^«fSffi*iffi3gU-t:^S*^a *^ 

&mmr£vi$, wymmn tce ^ms: jEmizim. 
xzzox, mmxm^bmxm^mom^ 

S ^ 3? >«{kii(D s MMOgffi^jD, fc\fc tf^^LLg 
KfctfS s MMOStttlf^^Jtiyi-t-S liCfctJ, ^ 

[0 0 3 8] 



Uj »l ; -9- 2 3 4 4 9 0 
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xmzktiii, mimmoT cE^mm^Mmzt^i 
nmz^thx^^(Dx\ wziz&si-c. tttmm<DWtt 

rroztizj:'). m. mm&mmnim^mmt 
[mfnicD^fi^^ijy] 

[Ei i ] ^fgn/i^ri^co^^j i tmb-f&mm -mmm 
mm £ ttftimxh % , 

[02] *$>&itffi(D\Mm.£. sMMOmfht TC 

[0 3 ] a«fj i &vt£*jjmz * 5 fcgffljmxe ^ 

[0 4 ] ji ; co^//t!iM 2 fc y^jiiji- siauarJWkM 

[05] s MMOj>£-fJii: TC E5>m,mi:6Dra^^^-t 

[06] p< ^ >coj«iftSj;ScDMtf *7j?-t^T**5. 

[07] T C ECD^M/^Mff fe7S-r^T**5„ 
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3 4 




3 6 


umm- 


3 8 




4 0 




4 2 




4 4 




4 6 


mm- 



(8) 
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